Benign prostatic hyperplasia (BPH), which is a common disorder in aging men, involves inflammation that is associated with an imbalance between cell proliferation and cell death. Because current BPH drug treatments have undesirable side effects, the development of well-tolerated and effective alternative medicines to treat BPH is of interest. Bee venom (BV) has been used in traditional medicine to treat conditions, such as arthritis and rheumatism, and pain. Although inflammation has been associated with BPH and BV has strong anti-inflammatory effects, the effects of BV on BPH are not fully understood. Therefore, in this study, we evaluated the efficacy of BV against testosterone-induced BPH in rats. BV decreased prostate weight compared to the untreated group. In addition, BV suppressed serum dihydrotestosterone concentration levels and the levels of proliferating cell nuclear antigen in the histological analysis. Furthermore, BV significantly decreased the levels of the apoptotic suppressors, Bcl-2 and Bcl-xL, and increased the levels of the proapoptotic factors, Bax and caspase-3 activation. These results suggested that BV suppressed the development of BPH and has good potential as a treatment for BPH.
Introduction
Benign prostate hyperplasia (BPH) is one of the most common diseases in aging men. Its incidence gradually increases with age, and about 50% of men over the age of 50 suffer from BPH symptoms, such as urinary urgency and retention. 1 BPH develops from a simple micronodular hyperplasia to a microscopic volume enlargement and then to a clinical expression. 2 Because the prostate enlarges under the influence of androgen hormones, 5a-reductase inhibitors, which block the activation of testosterone, are widely used to treat BPH. 3 Although aging and androgens are the two established risk factors for the development of BPH, recent findings have highlighted the key role of inflammation. 2, 4 In fact, repeated tissue damage from chronic inflammation may provoke compensatory cellular proliferation with the risk of hyperplastic growth. 2, 5 These results suggest that reducing inflammation may play an important role in the treatment of BPH and lead to better clinical outcome.
Chronic inflammation can induce proliferative events in prostate tissue by affecting apoptotic protein expression.
The major regulatory apoptotic proteins that have been identified include the antiapoptotic factor, Bcl-2, and the proapoptotic factor, Bax. 6 Benign prostatic epithelium that has been subjected to various stresses, such as androgen ablation, demonstrates an overexpression of Bcl-2 in the surviving cells, which probably functions to block induced apoptosis. 7 Bax collaborated with other proapoptotic Bcl-2 proteins to promote a rheostat of apoptosis sensitivity in that the ratio of these proteins influences a cell's ability to respond to apoptotic signals. 8 Therefore, it is reasonable to suggest that an effective treatment for BPH might involve regulating the balance of Bax and Bcl-2.
Bee venom (BV) therapy is the therapeutic application of honeybee venom in the treatment of various diseases. BV contains a variety of different peptides, including melittin, apamin, adolapin, and mast cell degranulating peptide. 9 BV and its components have been used as a traditional medicine to treat a variety of conditions, such as arthritis, rheumatism, back pain, and skin diseases, by regulating inflammatory responses. 10 Although several studies have demonstrated the antiproliferative effects of BV and its components in prostate cancer cells, 11, 12 the molecular mechanisms underlying BV action in BPH have not been described. In the present study, we investigated the antiproliferative effects of BV in a testosterone-induced BPH rat model through the regulation of the inflammatory response and apoptotic protein expression.
Materials and methods
Chemicals and reagents BV, testosterone, phenylmethylsulfonylfluoride, Triton X-100, propidium iodide, Nonidet P-40, and the protein inhibitor cocktail were purchased from Sigma-Aldrich Co. LLC (St. Louis, MO, USA), and finasteride, a type II 5-reductase inhibitor, was obtained from Merck & Co., Inc. (Whitehouse Station, NJ, USA). 5-reductase 2 and GAPDH oligonucleotide primers were purchased from Bioneer Corporation (Deajeon, Korea), and SYBR Premix Ex Taq was purchased from Takara Bio Inc. (Otsu, Japan). Antibodies for inducible nitric oxide synthase (iNOS; M-19), COX-2 (C-20), poly (ADP-ribose) polymerase-1 (PARP-1; F-2), caspase-3 (E-8), Bcl-2 (C-2), Bcl-xL (H-5), Bax (B-9), and b-actin (ACTBD11B7) were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). An antibody for proliferating cell nuclear antigen (PCNA) was purchased from BD Biosciences (San Jose, CA, USA).
Animals
Ten-week-old male Sprague-Dawley rats (200 AE 20 g) were purchased from Daehan Biolink Co. (Daejeon, Korea). The animals were housed under conditions that were in accordance with the guidelines for the care and use of laboratory animals, which were adopted and promulgated by the Institutional Animal Care Committee of Sangji University (Reg. No. 2014-06). The rats were acclimatized to the laboratory conditions for 2 weeks before starting the experiment.
BPH was induced in the rats by intramuscular injections of testosterone propionate after castration. Briefly, rats were divided into four groups (n ¼ 6 each): Group 1 -control group (Con, normal prostate with vehicle : 200 ml corn oil; p.o.); Group 2 -BPH-induced group (BPH); Group 3 -BPHinduced group treated with finasteride 5 mg/kg/day; p.o. (Fina); Group 4 -BPH-induced group treated with BV 0.1 mg/kg/day; i.p.(BV). The rats in the control group were cut open and then sewn up without removing the testicles after anaesthetization with zoletil Õ 50 (i.p., 20 mg/kg); rats in the other groups were castrated. After three days recovery, BPH-induced groups were injected testosterone propionate (10 mg/kg/day) alone or along with BV or finasteride daily for four weeks. Twenty-four h after the last administration, all rats were sacrificed after anaesthetization with zoletil Õ 50 (i.p.,20 mg/kg). Blood samples were drawn from the caudal vena cava and serum was separated by centrifugation and stored at À80 C. The entire prostate gland was removed and weighed. 13 
Serum concentrations of dihydrotestosterone analysis
The serum concentrations of DHT were determined with commercial ELISA kits (ALPCO Diagnostics, Salem, NH, USA). The assays were performed according to the manufacturer's instructions.
Histological analysis
The prostatic tissue in each group was fixed in 4% formalin and embedded in paraffin, and the tissue was then cut into 4-mm sections. The sections were stained with hematoxylin and eosin (H&E) for the histological examination. Images were acquired with a SZX10 microscope (Olympus Corporation, Tokyo, Japan). The thickness of epithelium tissue from prostate (TETP) was measured using Leica Application Suite (LAS, ver.3.3.0) software for histological analysis.
Quantitative real-time polymerase chain reaction analysis
The prostatic tissue from each animal was homogenized, and the total RNA was isolated with Easy-Blue Õ Reagent (iNtRON Biotechnology, Inc., Gyeonggi-do, Korea) according to the manufacturer's instructions. Total RNA was quantified with an Epoch Õ microvolume spectrophotometer system (BioTek Instruments, Inc. Winooski, VT, USA). Total RNA from the prostate was converted to cDNA with a high-capacity cDNA reverse transcription kit (Life Technologies, Grand Island, NY, USA). Polymerase chain reaction amplification was performed with the incorporation of SYBR green (Life Technologies). The oligonucleotide primers for 5-reductase 2 that were designed from rat were ATG GGG ACC CTG ATC CTG TG (forward) and CGA CAC CAC AAA GGA AGG CA (reverse) and for GAPDH that were used as a housekeeping gene and that were designed from rat were TGA TTC TAC CCA CGG CAA GT (forward) and AGC ATC ACC CCA TTT GAT GT (reverse). Reverse transcription was conducted with a thermo cycler (Gene Amp Õ PCR system 9700, Life Technologies), and the results were expressed as the ratio of optimal density to GAPDH.
Western blot analysis
The prostatic tissue from each animal was homogenized in a commercial lysis buffer PRO-PREP Õ (iNtRON Biotechnology, Inc.) and incubated for 25 min on ice to induce cell lysis. Tissue extracts were centrifuged at 13,000 rpm (4 C) for 20 min, and the supernatant was transferred to a clean tube. Aliquots of each protein sample (30 mg) were separated on a 8-12% sodium dodecyl sulfate-polyacrylamide gel and transferred onto a polyvinylidene fluoride membrane. The membranes were incubated 1 h with blocking solution and then incubated with a 1:1000 dilution of primary antibodies, including anti-iNOS, anti-COX-2, anti-PARP-1, anti-caspase-3, anti-Bcl-xL, anti-Bax, and anti-b-actin for overnight. The blots were washed three times with Tween-20/Tris-buffered saline, which was followed by incubation with the corresponding secondary antibodies (Santa Cruz Biotechnology, Inc.) for 1 h at room temperature. Blots were again washed three times with Tween-20/Tris-buffered saline, and the immunoreactive protein bands were visualized with enhanced chemiluminescence and exposed to X-ray film (GE Healthcare Bio-Sciences, Piscataway, NJ, USA).
Statistical analysis
All of the data are expressed as the mean AE standard error of the mean of six rats. The data were analyzed with oneway analysis of variance with Dunnett's test. The statistical analysis was performed with the Statistical Package for the Social Sciences (SPSS, version 19.0; IBM Corporation, Armonk, NY, USA).
Results

Effects of BV on prostate weight in the BPH-induced rat model
Prostate weights and relative prostate weight ratios are commonly used to evaluate the development of BPH. As shown in Figure 1 (a), the prostate weight of rats in the testosterone-induced BPH group significantly increased compared to those in the other groups, which suggested that testosterone successfully induced BPH in the castrated rats. However, the finasteride-and BV-treated groups showed a significant trend for a reduction in the prostate weight ( Figure 1a ). The relative prostate weight ratio in the BPH-induced group was almost 1.75 times higher than that in the control group. In the finasteride-and BV-treated groups, the prostate weights were 1.27 and 1.14 times higher, respectively, than that of the control group (Figure 1b ). In addition, the growth inhibition ratio of prostate in each group is shown in Table 1 . In the finasterideand BV-treated group, the growth inhibition ratio of prostate reduced by almost 64% and 76%, respectively.
Effects of BV on serum DHT concentrations and 5a-reductase 2 mRNA expression in BPH-induced rats
Androgens play a key role in the development and maintenance of normal and aberrant prostatic growth. DHT is synthesized from testosterone under the catalysis of the 5a-reductase isoenzymes. Therefore, it is well known that the inhibition of these isoenzymes is a rational approach for the development of pharmacological therapy for BPH. 3 To demonstrate whether BV attenuated the production of DHT, we examined the effects of BV on serum DHT levels in the BPH-induced rats. As shown in Figure 2 (a), a significant increase in serum DHT concentration was found in the BPH-induced group compared to the control group. In both the finasteride-and BV-treatment groups; however, serum DHT concentrations were significantly lower than that observed in the BPH-induced group. In addition, to determine if this effect of BV was associated with altered levels of the 5a-reductase 2 protein, we examined the expression levels of 5-reductase 2 mRNA in prostatic tissue. As shown in Figure 2 (b), BV and finasteride treatment significantly reduced 5-reductase 2 mRNA levels in the prostate tissue of BPH-induced rats.
Effects of BV on the histological analysis and cell proliferation in BPH-induced rats
The effects of BV on prostate gland morphology were investigated with prostatic histological examinations (Figure 3) . The BPH-induced rats showed the typical histologic changes of glandular hyperplasia with epithelial proliferation, vacuolated cytoplasm pointing into the glandular lumen, and decreased glandular luminal area (Figure 3a ). However, finasteride and BV treatment suppressed these typical hyperplastic patterns, which represent histologic changes of normal prostatic tissue into prostatic hyperplasia. The luminal volume was increased, and the grandular epithelial height markedly reduced in these groups. As shown in Figure 3 (b), the TETP was significantly higher in the BPH-induced group than in the control group. In the BV-treated group, although TETP was higher than that recorded for the control group, it was significantly lower than that observed in the BPH-induced group, suggesting a marked recovery of prostate hyperplasia. In order to evaluate the effects of BV on the proliferation of prostatic epithelial cells, we examined the protein levels of PCNA, which is a proliferation marker, in the prostatic tissue of BPH-induced rats. As shown in Figure 3(c) , a western blot analysis indicated an increase in PCNA protein levels in the BPH-induced group compared to the levels in the control group. Compared to the BPH-induced group, however, the finasteride-and BV-treated groups exhibited less of an increase in the levels of PCNA protein, indicating antiproliferation effects in BPH.
Effects of BV on inflammatory proteins in BPH-induced rats
Inflammation plays an important role in the prostatic epithelial cell growth and proliferation processes. In all of the inflammatory cells that arrive in the prostate, iNOS is the principal factor that generates the reactive nitrogen species that can cause cell damage. 14 In addition, COX-2 has been detected in all inflammatory cells in the epithelium and interstitial space, and it is upregulated in proliferative inflammatory lesions, generating pro-inflammatory prostaglandins. 4 Based on these findings, we examined the protein levels of iNOS and COX-2 in the prostatic tissue of BPH-induced rats in order to investigate the effects of BV on inflammation. As shown in Figure 4 , a western blot analysis revealed an increase in iNOS and COX-2 protein levels in the BPH-induced group compared to the control group. Compared to the BPH-induced group, however, the finasteride-and BV-treated groups exhibited less of an increase in the levels of iNOS and COX-2 protein, thus suggesting anti-inflammatory effects in BPH.
Effects of BV on apoptosis in BPH-induced rats
BPH arises from an imbalance between cell proliferation and cell death. Apoptosis refers to the death of cells, which occurs as a normal and controlled part of the growth of an organism. The activation of aspartate-specific cysteine proteases, which are also known as caspases, are an important biochemical event in apoptosis. 15 As shown in Figure 5 (a), the BV-treated group showed decreased protein levels of procaspase-3 and PARP-1 (an endogenous substrate of caspase-3) compared to the BPH-induced group.
Disturbances in apoptosis have been linked to a number of human medical diseases and conditions, including BPH. 2 The Bcl-2 family plays a key role in the regulation of apoptosis through their ability to alter mitochondria membrane permeability. 16 In order to determine whether BV induced apoptosis by modulating the expression of Bcl-2 proteins in the prostatic tissue of the BPH-induced animals, the levels of these proteins were examined by western blot analyses. As shown in Figure 5(b) , the BV-treated group showed decreased protein levels of the antiapoptotic proteins Bcl-2 and Bcl-xL but increased expression of proapoptotic Bax compared to the BPH-induced group. Thus, the ratio of Bcl-2 to Bax significantly decreased after treatment with BV, suggesting involvement of the Bcl-2 family of proteins, which are an important mediator of the apoptosis pathway, in BV-induced apoptosis during BPH (Figure 5c ). These findings suggested that BV-induced apoptosis played a role in the effects of this compound on BPH and that this was mediated by the regulation of the expression of anti-and pro-apoptotic proteins.
Discussion
Despite the progress in its diagnosis and treatment, BPH remains the main prostate pathology and the most prevalent urologic health concern affecting men during their lifetime. 17 BPH involves a growth of both epithelial and stromal cells from both the transition zone and periurethral areas. Like most chronic diseases, BPH is progressive. If left untreated, it often develops urine retention, nocturia, poor stream, urgency and frequency. 18 To date, there are multiple theories on the cellular and molecular processes underlying the pathogenesis of BPH that leads to symptomatic disease. It is well known that androgens play a key role, but there are other pathways that may influence BPH and the associated voiding symptoms. In several reports, epidemiologic, histopathologic, and molecular pathologic studies have suggested that chronic inflammation may be involved in the development and progression of BPH. 19 Nitric oxide and COX activity may play an important role in determining the association between inflammation and prostate growth. In prostatic inflammatory cells, iNOS is the principal factor that activates the reactive nitrogen species that can damage cells. Nitric oxide also enhances COX activity, which is the second factor. COX-2 activity has been detected in all inflammatory cells in the epithelium and interstitial spaces of human prostate tissue, and it is increased in proliferative inflammatory lesions, generating pro-inflammatory prostaglandins. In the present study, testosterone was injected into the animals for 4 weeks to induce BPH, and the levels of protein expression of iNOS and COX-2 were analyzed by western blot analyses. The levels of iNOS and COX-2 protein increased in the BPHinduced group compared to the levels in the control group. Compared to the BPH-induced group, however, the group treated with BV (0.1 mg/kg i.p.) did not exhibit increased levels (Figure 4 ). Therefore, these data indicated that the anti-BPH effects of BV might be related to its antiinflammatory properties.
COX-2 inhibition can produce a significant increase in prostate cell apoptotic activity. 20 The effect of COX-2 on prostate cell proliferation may be obtained either by modulating the inflammatory process or by directly upregulating Bcl-2 expression in order to decrease apoptosis. 21 Bcl-2 proteins are defined both by their structure and function. 8 The pro-apoptotic members (e.g. Bax) and anti-apoptotic members (e.g. Bcl-2 and Bcl-xL) may control apoptosis by the formation of heterodimers among them, which results in the mutual neutralization of bound pro-and anti-apoptotic proteins. The decision to initiate apoptosis is governed by the equilibrium between Bcl-2 and Bax, and drugs that stabilize the equilibrium can sustain cell survival, whereas interventions that shift the equilibrium toward free Bax promote the induction of apoptosis. 22 In many systems, members of the Bcl-2 family modulate apoptosis with the Bcl-2/ Bax ratio serving as a rheostat to determine cell susceptibility to apoptosis. 23 In this study, we showed that BV markedly reduced the levels of antiapoptotic Bcl-2 protein levels and increased the levels of Bax protein in the rat BPH model. These data indicated that BPH was suppressed by an antiapoptotic mechanism that involved a decrease in the ratio of Bcl-2 to Bax in the BV-treated group. Moreover, caspase-3 activation by cell death signals may occur through three routes: the mitochondria (related to Bcl-2 and Bax), the endoplasmic reticulum, or death receptors (FAS, FAS-L). 24 By suppressing the overexpression of Bcl-2 and the downregulation of Bax, BV modulated the Bcl-2/ Bax equilibrium to induce the expression of caspase-3 in BPH-induced rats. These data further showed that BV promoted apoptosis probably through the mitochondrial pathway.
Hormonal imbalance has been proposed to trigger intraprostatic proliferation through inflammatory responses and reductions of apoptosis. 4 In this study, the prostate weight ratio in the BPH-induced group increased, and this was accompanied by increased DHT and 5-reductase 2 mRNA levels compared to the control group, indicating that testosterone successfully established BPH. However, BV treatment for 4 weeks was useful in the prevention of BPH, and these effects were comparable to finasteride. Considering all of these data, the preventive effects of BV were likely due to regulation of the inflammatory responses and the induction of apoptosis. Thus, BV is a potential therapeutic agent for the treatment of BPH.
